A multidisciplinary approach to research studies of sedimentary rocks and their constituents and the evolution of sedimentary basins, both ancient and modern
INTRODUCTION
Middle to late Eocene calc-alkalic volcanism that formed the Northeast Nevada volcanic field marks the onset of Tertiary volcanism in the northern Basin and Range. The central part of this large field, in northeast Nevada and adjacent Utah, is defined by (1) 12 numbered localities ( fig. I A) from which 23 40Ar/39Ar ages, ranging from 42.6 to 39.0 Ma, were obtained, (2) more than 90 chemical analyses, (3) stratigraphic position of the volcanic rocks above a regional Eocene unconformity, and (4) lithology. The type area is at Nanny Creek in the northern Pequop Mountains, Nevada (Brooks and others, 1992, 1995a, b; Thorman and others, 1993) (fig. 1 ). Prior to our studies, dated middle Eocene volcanic rocks were known at a only few widespread sites in northeast Nevada and adjacent Utah (fig. IA, lettered localities; table 1). Integration of ages (K-Ar method) from these localities into a regional volcanic framework was difficult because (1) the localities are geographically scattered and (2) only a few chemical analyses of these dated volcanic rocks are available.
On the basis of the previously sampled localities having middle Eocene ages listed in table 1, the Northeast Nevada volcanic field was defined as extending east to the Cottonwood Canyon area in the Wasatch Range, Utah, north to the Nevada-Idaho State line, south to the Roberts Mountains in central Nevada and west to the Snowstorm Mountains in north-central Nevada. Sparse chemical analyses and no 40Ar/39Ar dates are available for Eocene volcanic rocks at localities listed in table 1. As part of an ongoing regional study, samples of the volcanic rocks from those localities in table 1 were recollected for chemical and geochronological (40Ar/39Ar method) analysis in order to help delineate the regional extent of the Northeast Nevada volcanic field.
REGIONAL EOCENE SETTING
The Northeast Nevada volcanic field consists of the coalesced products of intermediate to rhyolitic, calk-alkalic volcanism in northeast Nevada and adjacent Utah that were erupted from 42.6 to 39 Ma, during Eocene time. The central part of the Northeast Nevada volcanic field (Brooks and others, 1995) was defined by mapping and stratigraphy at 12 localities ( fig. LA) , by 92 major oxide chemical analyses of volcanic rocks and 1 analysis of a coeval pyroxene diorite (tables 2, 3), and by 23 40Ar/39Ar ages (table 4) from 12 localities. Age-spectrum diagrams and abbreviated data tables for samples from the 12 numbered localities shown in figure IA are presented in figure 2 and table 5, respectively. Production ratios are presented in table 6. Comparable volcanic setting, lithology, and stratigraphic position of the volcanic rocks above a regional middle Eocene unconformity (Thorman and Brooks, 1991) that is recognized in the Elko Basin (Wingate, 1983; Ketner and Ross, 1990) to the west and in the White Sage Basin to the east (Potter and others, 1995) (figs. 1A, Q are also significant in the regional reconstruction of this Eocene volcanic terrane.
The Northeast Nevada volcanic field coincides in time and space with the Tuscarora magmatic belt of Christiansen and Yeats (1992) , which was broadly defined using only a few K-Ar ages and no rock chemistry. The type area for the Northeast Nevada volcanic field is at Nanny Creek (fig. 15, loc. 1, fig. 3) in the northern Pequop Mountains, where the section is 1,200 m thick. Here, rhyolite ash-flow tuffs (units T1, T2) are overlain by a thick section of intercalated andesitic to dacitic flows and flow breccias (unit T3x) and rhyolite ash-flow tuffs (unit T3a). These rocks, which are dated, are overlain by an undated hornblende rhyolite, and regional relationships of the flows, flow breccias, tuffs, and underlying Paleozoic strata are shown schematically in figure 1C . A widespread basal sedimentary unit is included in the stratigraphic section because of the tectonic implications of included Eocene volcanic material (Brooks and others, 1995) . Typically, the volcanic outcrops of the field are widely scattered, have limited areal extent, and are discontinuous between ranges.
Intermediate-composition volcanic rocks, including hornblende andesite, two-pyroxene andesite, and biotite (±hornblende) dacite, probably were locally derived from numerous vents throughout the field, whereas calderas for the biotite (±hornblende, quartz, lithic) rhyolite ash-flow tuffs are, for the most part, unknown. For example, in the (table 3, sample 91T22; table  7 ) that intruded and contact metamorphosed the Permian and Triassic strata. This fine-grained holocrystalline rock weathers much the same as its nearby extrusive equivalents and can be easily mistaken for andesite. In the southern Deep Creek Range, near Sanford Springs, a dissected block-and-cinder cone 40 m high is exposed through dacitic to andesitic flows and flow breccias (Nutt and Brooks, 1994 I  I  I  I  I  I  I  I  I  10  20  30  40  50  60  70  80 A possible source for some of the rhyolite ash-flow tuffs is an Eocene caldera complex near Tuscarora, northwest of Elko (McKee and Coats, 1975; Berger and others, 1991; Boden and others, 1993) . A K-Ar age of 40.5 Ma was obtained from vitrophyre at the Big Cottonwood Canyon caldera (B.R. Berger, written commun., 1993) in the complex.
DATA TABLES AND PLOTS OF ANALYSES
Samples of the volcanic units from the numbered localities shown in figure 1A were collected in order to define regional and local chemical affinity and refine field nomenclature. Although most samples are devitrified and some are altered, samples were collected and analyzed in order to provide analytical data for each locality. Potassium-metasomatized volcanic rocks, which have been considered absent or sparse in the northern Basin and Range (Glazner and Bartley, 1990) , are present in the Grant Range (Scott, 1965; Brooks and others, 1994) , at Round Mountain (Shawe and Leprey, 1985) , and, by this study, in the southern Snake Mountains (table 3, samples 88T36, 88T38, 88T41,  and 88T42), southern East Humboldt Range (table 3, sample  92B46), and Deadman Creek area (table 3, sample 90-14) . This type of alteration, which is usually not obvious in hand sample, is indicated by analytical results including minimal amounts of Na2O (<1.0 weight percent) and excessive amounts of K2O (as much as 12-13 weight percent) that yield K2O:Na2O ratios greater than 2 (Brooks, 1986) . Neither leucite, analcite, nor nepheline, possible host phases for the excess potassium in some high-potassium volcanic rocks, is present. Armstrong (1970) recognized problems in dating potassium-metasomatized rocks and indicated that dates from these altered rocks may indicate the age of metasomatism, not the age of the volcanic rock. Biotite from metasomatized volcanic rock from the southern Snake Mountains was dated by 40Ar/39Ar methods, and those ages (table 4) are considered reliable, based on work by Brooks and others (1994) on biotite from similarly potassium-metasomatized volcanic rocks in the Grant Range, Nevada. Despite their anomalously high potassium content these altered rocks are referred to as andesite or dacite because their SiO2 content, a key oxide in chemical rock nomenclature, and other major-element contents were little changed during metasomatism (Sawyer and others, 1989; Brooks and others, 1994) . Because of their excessive K2O content, however, analyses from these potassium-metasomatized rocks commonly plot in the trachyandesite or trachydacite field on a total alkali-silica (TAS) diagram. -total iron as FeO-MgO) diagrams using recalculated major oxide analyses for samples from the central part of the middle Eocene Northeast Nevada volcanic field. Recalculated using method of Sidder (1994) ; calc-alkaline trend from Irvine and Baragar (1971) . A, All analyses from numbered localities shown in figure L4 within the central part of the Northeast Nevada volcanic field. B, Analyses from Nanny Creek type area. Figure 5 . Total-alkali (Na2O+K2O)-(SiO2) diagrams using recalculated major oxide analyses for samples from the central part of the middle Eocene Northeast Nevada volcanic field. Recalculated using method of Sidder (1994) ; rock classification grid from Le Bas and Streckeisen (1991) . A, All analyses from numbered localities shown in figure LA within the central part of the Northeast Nevada volcanic field. B, Analyses from Nanny Creek type area.
Propylitic alteration has affected andesite and dacite in the northern East Humboldt Range (table 3, sample 90B31B) and elsewhere in the study area. These rocks are commonly green, typically yield more than 2.0 weight percent volatiles (loss on ignition or LOI), and have total alkali-silica compositions in or near the trachytic field. Silicified ash-flow tuffs may also be green; however, they have conchoidal fracture and porcellaneous matrix. They typically contain more than 76 weight percent SiC>2 but still plot in the rhyolitic field of the total alkali-silica diagram.
Major oxide analyses presented in tables 2 and 3 are unconnected for loss of volatiles and were obtained by X-ray fluorescence techniques in analytical laboratories of the U.S. Geological Survey, Denver, Colorado; analytical methods, accuracy, and precision are as described by Taggait and others (1987 (Crittenden and others, 1973) . Roberts Mountains, Nevada (Maher and others, 1990) . Snowstorm Mountains, Nevada (Wallace, 1993) . Bingham, Utah (James and others, 1961) . Tuscarora area-Bull Run Mountains, Nevada (McKee and others, 1976) . Owyhee, Nevada (Coats, 1971) . Jarbridge, Nevada (Coats, 1964) . Drum Mountains, Utah (Lindsey, 1982) . Bull Run Mountains, Nevada (Axelrod, 1966) . spectroscopy (Elsass and duBray, 1982 ) using 109Cd and 241 Am sources; accuracy and precision of these analyses are as described by Sawyer and Sargent (1989) . Chemical data are for crushed bulk-rock samples from which xenocrystic fragments were hand picked from the ash-flow tuff samples.
Major oxide analyses shown in tables 2 and 3 were corrected for volatiles and plotted on AFM ([Na2O+K2O]-total iron as FeO-MgO] and total alkali (Na2O+K2O)-silica (SiO2) diagrams using a petrologic recalculation program (Sidder, 1994) . The AFM plots show the regional, calc-alkalic, subduction-related character of the central part of the Northeast Nevada volcanic field ( fig. 4A ). Analyses from the Nanny Creek type area show a similar trend (fig .  4B ). The andesitic-dacitic-rhyolitic composition of the volcanic rocks from the central part of the Northeast Nevada volcanic field and the Nanny Creek type area is shown in the total alkali-silica diagrams (figs. 5A, B). Classification of the volcanic rocks at each numbered locality is shown in a series of total alkali-silica diagrams ( fig. 6 ). The analysis of the Eocene pyroxene diorite from the southern East Humboldt locality (loc. 4, fig. 1A ) was not plotted. Table 2 . Chemical analyses of Eocene volcanic rocks from the Nanny Creek type area, Northeast Nevada volcanic field.
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